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COMPARISONOFHYDRODYNAMIC-~ACTACCELERATION

ANDRESPONSEFORSYSITMSWITHSINGLE

ANDWITHMUL~LE ELASTICMODES

I&RobertW.MiJler

SUMMARY

~~c-~act testsw== * ~th a mltfmodeelasticmodel
consistingofa rigidprismaticfloatanda flexiblewing,andthe
resultswerecmparedwithsimilarexperimentalresultsfora single-
modesystemandwiththeoreticalsolutions.Themodelhada ratioof
sprungmasstohullmassofO.k8 anda first-modenatural frequencyof
4.38 cyclespersecond.Thetestswereconductedin smoothwaterat
fixedtrimsof3°and9°withflight-pathanglesof14°and6°, respec-. tively,andovera rangeofvelocity.

Theanalysisofthedataandcomparisonswithotherexperimental..
andtheoreticalresuitsindicqtedthattheappliedaccelerationswere
inagreementwiththoseobtainedby themethodofNACAReport1074and
that ‘thehighermodes
effectontheapplied

presentini%emultimodesystemhad-nosig&icant
accelerations.

INTRODUCTION

ThedevelopmentofUrge airplaneshascausedtheelasticbehavior
ofairfrsmestructurestobecomeimportant.Considerableeffortisbeing
e~nded inattemptsto evaluatetheeffectsofthisbehavioronthe
externallyapplieddynamicloadingoflargeairplanesduringgusts,
maneuvers,andlandingimpacts.b thecaseofwaterlandings,thishas
referenceto changesintheappliedhydrodynamicforcedueto elastic
actionoftheentirehull-wingstructureandisnotconcernedwiththe
high-frequencyreactionsofindividualhti-bottcmpanels.

Inreference1, ananalytical.methodfortreatingwaterlandingof
anelasticseaplanewaspresentedinwhichinteractionoftheapplied
loadandstructural.responsewasincluded,anditwasshownthatstruc-
turalflexibilitymsyhaveappreciableeffectsontheappliedload. In

. reference1,theelasticstructurewasrepresentedby theassumptionof
a rigidprismaticfloatconnectedby a masslessspringto a rigidupper

.
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mass,andthesolutionswerebasedonhydrodynamictheorywhichhadbeen -
experimentallyconfirmedfora rigidstructure.Reference2 substanti-
atedtheseresultsbywater-impacttestswithanelasticmodelapproxi-
mateingthetwo-mass—

0-
springsystemwhichconsistedofa rigidprismatic

flostanda lightweightflexiblewingsupportinga concentratedmasson
eachtip.

Thepresenttestsmadeuseofthemodelusedintheinvestigation
reportedinreference2,buttheuppermasBwasdistributedasuniformly
aspossiblealongthewingspaninsteadofbeingconcentratedatthe
tips.Thepurposeoftestingthisconfigurationwasto detemninethe
integratedinfluenceofthehighermodesofvibrationpresentonthe —
appliedhydrodynamicloadsandthevslidity ofthetwo-mass-system
approximationtotheactualcasewherethemassesare,ingeneral,not
concentratedona weightle66wingbutdistributedalongthespan. ——

SYMBOLS

Ct

deflectioncoefficientfornthmale,functionoftimealone

()%& 1/3nondimensionalaccelerationcoefficient,—
V02 P

()

1/3
nondimensionaltimecoefficient,tvo q

E Young’smodulusofelasticity

F externalappliedload

fn naturalbendingfreqpency

g accelerationdueto gravity

I bendingmomentofinertia

Mn generalizedmassofnthmode,
I
mwn%y

Ill massperunitspanofwing

—

—

‘J massat spanwisestationj
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lower,orhull,massoftwo-masssystem

upper,or sprung,massoftwo-masssystem

impactaccelerationof centerofgravityofvibratingsystem
asfreebody,normalto surface,g units

the titerinitial.contact

timebetweeninitialcontactandmsximumhydrodynamicforce
forstructureconsideredrigid

timerecy.dredforone-fourthcycleofnaturalvibration
(n=l,2,...)

resultantvelocityat instantof contactwithwatersurface

weightofmodel

deflectionofelasticaxisofwing,positiveupward

deflectionofelasticaxisofwingat centerline,:positive
upward

deflectionofelasticaxisinnthmode,givenintermsof
unittipdeflection

distancealongwingmeasuredfrcmairplaneplaneof symmetry

angleofdeadrise

flight-pathangleat contact

massdensityoffluid

angleoftrim,angleofkeelrelativetowatersurface

ratioofdeflectionoffundamental.modeat stationj to
deflectionat centerline

naturalcircularfrequencyofvibrationofnthmode

A dotdenotesthederivativewithrespecttotime. Whereunitssre
notgiven,anyconsistentsystemofunitsmaybe used.

.

.



4 NACATN 4194

Basin

.

*

A sketchgivingthegeneralarrangementoftheLangleyimpactbasin
andequipnentwaspresentedinfigure1 ofreference2. Briefly,the
operationoftheequipmentisasfollows:Thecsrriage,towhichthe
modelisattachedbym?aneofa perallelogrsm&roplinkage,is catapulted
atthedeshed horizontalvelocityandthenallowedto coastalongthe
tam railstothetistsection.Atthetestsection,thedroplinkage
isreleasedandthemodel,undertheactionofgravity,attainsthe
requiredverticslvelocity,atwhichtimetheliftengineappliesto it
anupwardforcewhichcanbe setto similatesmydesiredconstantwing
liftthroughouttheimpact.A moredetaileddescriptionofthisLangley
impact-basinequipmentisgiveninreference3.

Model

Photographsofthemodelintestingpositionarepresentedinfig-
—

ures1 and2. Thesanemodelwasusedinthepresenttestsas inthe *
testsdescribedinreference2. It consistedofa symmetricalflexible
besm(theelasticwing)rigidlyattachedat itsmidspantothevertical
droplinkagesnda flostmodelrigidlymountedbelowitbymeansofa v
dynamometertruss.Unwantedoscillationsduringcatapultingsmddropping
ofthemodelwereprewntedbymeansoftelescopingtubes(seeffg.l(a))
whichwerelockedtolinkth wingtipsrigidlytothefloatduringthese
phasesbutwerereleasedimmediatelybeforewatercontacttopermitthe
oscillationsinducedbytheimpact.

Instrumentation

Thestandardcarriageinstrumentation,describedinreference3,
wasusedtomeasuretimehistoriesoftheliftforceandofthehorizon-
talandverticalcomponentsofvelocityanddisplacement.Timehistories
ofverticalaccelerationweremeasuredby strain-gageaccelerometers
locatedontheboom. Otheraccelerometerswerelocatedonthewingat
aboutthepositionofthecenterofgravityofthesprungmassandat
thefirst-modenodalpoint.A dynsmcsuetertrussmountedbetweenthe
floataudthewingwasusedtomeasureloadnormaltothekeel. Strain
gagesonthewingandpositionrecordersmountedonthetelescoping
tubeswereusedto checkthesymmetryofwingbending.

,

.
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TESTPROCEDUBXANDPRECISIONOFDATA

Standardtestprocedureasdescribedinreference3 wasused,and
thetestsweremadein smoothwater.Pertofthetestsweremadeata
trimof3°anda flight-pathangleof14°. Theresultedcontactvelocity
fortheserunswasveriedfrcm22to 45feetpersecond.Thisvelocity
rangeresultedina remgeofperiodratiostnti frcm0.6 to1.2, where/
tn isthetimerequiredfor1/4cycleofnaturalvibrationinthe

fundamentalmode fn (seetableI)and ti isthetimebetweeninftial
contactandmaximumhydrodynamicforceforthestructureconsidered
rigid.Therestofthetestsweremadeat a trimof9° anda flight-
pathangleofapproximatelyd. Thevelocityfortheserunswasvaried
from25 to 86feetpersecondtogivea ~lti rangeof0.3 to 0.8.
(SeetableII.)

Thetotaldroppingweightusedwas2,4~ pounds,theboomandfloat
beingloadedaslightlyaspossibleandtheremainderoftheweightbeing
distributedalongthewing. Theemountofweightapportionedto each

. massandtheresultingmassratioofthesystemweredeterminedby the
followingcalculations:Withtheuseoftheactualmassdistribution
ofthemodel(fig.3(a))andtheknownstiffnessdistributionofthe

. wing,thefundsmentalfree-freemodeofthesystemwascalculatedby the
methodofreference4. (Thecalculatedmcxialcharacteristicsofthe
modelwiththedistributedmassaregivenintableI andfig.k.) With
thismodeandmassdistribution,themass
mass-springsystemwasccmputedbymeans
whichisanotherformofequation(B6)of

ratiooftheequivalenttwo-
ofthefollowi~
reference1:

equation,

mS %.=—
mL

~jTj2

theratioof
deflectionat

~ isthemassata spanwisestationj and qj iswherem

thedeflectionofthefundsmentalmodeat stationj tothe
thecenterline.Themassratiothusobtainedwas0.48insteadof 0.60,
thevaluewhichwasusedinreference2. A fewrunsweremadeatthe
massratioof0.48withthesprungmassconcentrated(figs.2 and3(b))
andwith,as closelyaspossible,thesaneinitialconditionsof 7.,
T, smd VO inordertohavedirectexperimentalchecksontheeffect
ofmassdistribution.

Theapparatusandinstrumentationusedinthe
mentswhicharebelievedtobe accuratewithinthe

testsgivemeasure-
foil.owinglimits:

.
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Horizontalvelocity,ft/sec.. . . . . . . . . . . . . . . . . *005
Verticalvelocity,ft/sec.. . . . . . . . . . . . . . . . . . *0.2
Weight,lb . .
Acceleration,g
Time,sec. . .
Verticalforce,

Thecurves
sistencyofthe

-..
k2.o.. *..* . ...** ● **..- ● -**C*

units . . . . . . . . ● .****=.*** ● * 50.2
. . ...* ● ..*** ● ***.* ● *.** .*0.005
lb . . . . . ..==..... .O.GOOO ,*zoo.()

offigure5 areincludedasanindicationofthenon-
experimentaldata.Dataarepresentedfromthreetests

madeatapproximatelythessmeinitialconditionswiththedistributed
uppermassloading.Theyshow,foreachrun,theaccelerationofthe
centerofgravityofthevibratingsystemandtheoscillatoryaccelera-
tionofthehullorlowermassrelativetothecenterofgravity.The
center-of-gravityaccelerationsshowa scatterofabout6 percentfor
thepeakvsluesandereingoodagreementthroughoutthetimehistories.
Thehulloscillatoryaccelerationsshowmorescatterofthepeakvalues
butareinfairagreement.

Foroneoftherunsillustratedinfigure5 (run14) a photographic
copyoftheoriginaloscild.ographrecordispresentedinfigure6(a)in
orderto indicatethedegreetowhichoscillationsintroducedbytk
highermodesofvibrationarepresent.Asa basisforcomparison,a !
runhavingtheconcentratedloadingandalmostidenticalconditions
(run12)ispresentedinfigure6(b).Theoscillationsintroducedby
thehighermodeappesrmostclesrl.yonthenormal-forcesndwing-

.

accelerationtraces.

ANALYSIS.

An airframe,consistingofa hullandanelastic~w~ ~dergoing
a hydrodymanicimpactcanbe consideredasa free-freebesmhavingu
externalforceappliedatitsmidpoint.T& differentialequationfor
wingbending,ifdsnrpingisneglected,canthenbewrittenas

32*l&= -m;+5(Y - O)F
s ~Y2

(1)

wherew isthedeflectionoftheelasticaxisreferredto a fixed
referenceplane,thetemn b(y- O) istheDiracdeltafunctionapplied
atthecenterlineofthemodel,and F istheetiernalforce.

Thedeflectionofthe
naturalfree-freemodes:

w=%+

systemm~ beexpressedintermsofthe .-

alwl+ a2w2+ . . .~wn (2)
.
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● where w~ isthedeflectionof
deflection(fig.4)and an is

. tion(2), ~ denotesthefree
centerofgravity,aud al,~,
deflectionassociatedwitheach

Theconditionsfornatural

thenthmodegivenintermsofunit
a functionoftimealone.Inequa-

7

tip

bodyverticaldisplacementofthemodel
.,. arethepartsofthewingtip
mode.

undsmpedvibrationinanygivenmode
are expressedby

(3)

where ~ isthe
equations(1)and

naturalcirculsrfrequencyofthatmode. Ccanbining
(3)-d introducingequation(2)yield

a~2?nw2
(

=-m HO+ Slwl+Sw
)

22+5( Y-O)F (4)

wheretheassumptionismadethatonlythefirsttwomodesofvibration
“ sresignificant.Ifthisequationismultipliedby Wn (wheren is

successively1,2, . . .) sndthenintegratedoverthewing(Galerkin

procedure)anduseismadeoftheorthogonalityconditions(1’MWn dy = 0,
\

J’WmYn W )=O then

Mo~o =F

Ml&l+ Ml~2al= Fw1(0)

M&2 + M~2a2 = Fw2(0)

(~a)

(m)

(5C)

wherefortherigidmode wn = WO = 1 SD3 Mn =
1
mwn%y.

ThequantityF whichappearsinequations(5)istheforce
definedbythehydrodynamicinvestigationsofreference5 (eq.(4)).
It iS oftheform.

F = A(3w* + W%) (6)
.
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ThequantityA ofequation(6)dependsontheshapeandattitudeof o
thatportionofthemodelincontactwiththewater.

Substituting,now,equations(2)and(6)intoequations(5)and #
usingthemod&l.characteristicsofthemodel(table1)leadto numerical
solutionsforthehydrodynamicforceandwingbendingmoments.These
solutionsmaybe obtainedby eithermatrixoriterativeprocedures.

Effectimly,thisprocedureusestheknowninitislconditionsto
cmuputetheloadsandmotionsforthestructureconsideredrigid.The
loadsarethenappliedtotheelasticstructureto obtainthestructural
response.Withtheadditionofthisresponsetotherigid-bdymotion,
a newforcingfunctioncanbe obtainedwhichthenincludesa firstapprox-
imationto theelasticeffect.Theprocedurecanthenbe iteratedto
obtainthedesireddegreeofapproximationIneachmode.

Asanaidintheestimationofelasticeffects,thetheoretical
variationofthetimehistoriesofoscillatoryaccelerationofboth

/centerofgravityandhullwith tnti arepresentedasthree-dimensional
plotsinfigures7 and8,respectively,forthemassratiosof0.60
and0.25withinitislconditionsof9°trimand6°flight-pathangle.
Similarcurvesforfourvsluesofmassratiowithinitialconditionsof
3°trimand14°flight-pathanglearepresentedinreference1. T@se
curvesmaybeusedasreferencesforobservationoftrendsorthey
maybedirectlyscaledforroughcomputation.

RESULTSANDDISCUSSION

Inorderto summsxizetheresults,thetestconditions,thepeak
theoreticalendexperimentalaccelerations,andtheperiodratios~/ti
arepresentedintable11. Thetestconditionsaredefinedbytheflight-
pathangle 7.,theresultantvelocityVo,sndthemodeltrimangle .
atwatercontactT. The experimentalresultspresentedinthistable
arethemaximumvsluesofthecenter-of-gravityaccelerationsofthe
vibratingsystemasa freebody. Thetheoreticalresultsarecenter-
of-gravityaccelerationsofanelastictwo-mass-springsystemhaving
thesamemassandmassratioandaccelerationsofarigldbodyhaving
thessmetotalmass. Becauseofthelengbhycalculationsrequiredfor
thetheoreticalsolutionoftheelasticsystem,theoreticalresultsfor
theelasticsystemwereobtainedforonly9 ofthe32runs.

●
✎�

.—

—

—

Theeffectofthesecondmodeonaccelerationsisshowninfigure9
fortworepresentativecases.Solutionformorethantwomodeswasnot
considerednecessaryinthiscase,sincetk smallestreadablevibrations -
duringa run(seefig.6(a))e~bit a frequencyof20to 28 cycles per



Q NACATN4194 9

. second,a frequencywhichcompareswellwiththecanputedsecond-mode
value(tableI)of24.4cyclespersecond.In orderto simplifythe
ccrnputations,solutionsincludlngtheeffectsofonevibrationalmode

- wereobtainedby useofthemethoddescribedinreference1 withthe
modificationsoftheconstantsasdiscussedinreference2,whichgives
thessn?eresultsas solutionsofequations(5a)snd(5b).Theforcing
functionccmrputedby thismethodwasthenusedinequation(x) asan
initialforcingfunction,andan iterativeprocesswasusedto ccmpute
a forcingfunctionwiththesecond-modeeffectincluded.

Figure9 presentstheccmputedtimehistoriesoftheaccelerations
of’thecenterofgravityofthevibratingsystem,whichexeproportional
totheexternslforceonthesystem,andthehull.oscillatoryaccelera-
tionswithrespecttothecenterofgravity.It showsthecomparison
betweenthesolutionincludingthefirstmodesmdthesolutionincluding
boththefirstendsecondmodes.Fora trimof9° (fig.9(a))theeffect
ofthesecondmodeis quitesmall.Foratrimof 3° (fig.9(b))the
phasingofthesecondmodecausesa delqyinreachingmaximumapplied
loadbutonlya smsllchangeinitsvalue.Thus,theccmputedeffect
ofthesecondmodeontheappliedloads,as shownby thetwocases
investigated,appearstobe oftheorderof5 percentorlessinmaxi-

● mumvalue.

Forbothconditionsoftrimandflight-pathangleusedduringthe.
tests,figure10 egainpresentstimehistoriesoftheosciHatoryaccel-
erationsofthecenterofgravityandthehull.;however,figure10 com-
paresthecomputedaccelerationsfora rigidbody,thetheoreticaland
experimentalaccelerationsfora single-modeelasticbody,andthe
experimentalaccelerationsfora multimodeelasticbody. Therigid-body
accelerationswereobtainedby useofthemethodofreference6,andthe
theoreticalelasticcurvesarethessmeasthesingle-modecurvesin
figure9.

Theplotsof center-of-gravityaccelerationinfigure10 showthat
thecomputedcurvesarea goodapproximationfortheshapeoftheexperi-
mentaltimehistories.Thereductionofmaximmloaddueto elasticity
inthestructureisalsoillustratedby comparisonwiththerigid-body
curves.Infigure10(a)thepeaksoftheexperimentalaccelerations
agreewiththepeakoftheccmputedcurvewithintherangeofexperi-
mental.scatterofthedata. Infigure10(b)thee~rimentalcurves
agreewellwitheachotherbutfeJ2s-what belowtheccmputedcurve.

Theccuuputedcurvesofhulloscillatoryaccelerationoffigure10
appeartobe a goodapproximationoftheshapeandfrequencyofthe
correspondingexperimentalcurvesbuttoexceedtheminmagnitude.
Althoughithasnotbeendefinitelyestablished,thediscrepancyin
-.tude MSY~ dueto structw~~ ot~r formsofcWping whichare
presentintheexperimentbutnottakenintoaccountbythetheory.
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InaU fourplotsoffigure10theexperimentalaccelerationcurves ‘
forthedistributedmassdeviatefrcmthosefortheconcentratedmassby
onlya smallsmountoA smallsldft(wellwithintheaccuracyofthe
instrumentation)wouldcausethe~stributed-massC- to osc~ate

.

abouttheconcentrated-masscurvewithapproximatelythessmesmplitude
andfrequencyastheoscillationofthecurveincludingthesecondmode
aboutthecurveincludingonlythefirstmodeinfigure9 forthecorre-
spondingcases.Thus,thesecondmodeappearstohavea definableeffect,
butthiseffectdoesnotappreciablychangetheresultsobtainedfrom
thosefora two-massor single-modesystem.It ispossiblethata three-
masssystemcouldbe designedinwhichanaccentuatedsecondmodewould
havetobe considered;however,foruniformlydistributedloadings,taking
intoaccounta singleelasticmodeappearstobe adequate.

Figure11presentstheratioofelsstic-bodyaccelerationtorigid-
bcdyaccelerationas a functionoftheratioofthefirstnaturslpericd
ofthesystemtotheimpactperiod.~ dataforamassratioof0.48,
whicharepresentedintable11,showa comparisonofthemsximum
experimentalaccelerationsforboththedistributedandtheconcentrated
loadingswithmaximumaccelerationscomputedby useofthetheoryof
reference1. A similarcmnparison,butforconcentratedloadingonly,
isshownintheplotsforamassratioof0.60,whichusethedatafrom

m

tableI ofreference2. Comparisonwithmaxi.mumaccelerationscomputed
byuseoftherigid-bodytheoryofreference6 forthessmeinitialcon- F
ditionsis shownbythedeviationoftheplottedpointsfrc?.uthevshe
ofunityindicatedbythedashedline.

Theexper-ntalelastic-bodyaccelerationdata,fora maSSratio
of0.48,containresultsforbothdistributedandconcentratedupper-
massloadings,andtheconcentrated-loadpointsappeartoliewithinthe
scatterofthedistributed-loadpoints.Thus,them?thodfordetemnining
thetwo-masssystemequivalentto a givendistributed-masssystemas
describedinreference1 isseentoproduceshilarresultsforthecases
forwhich,theinitial.conditionsbeingsimilar,a directcomparisonis
possible.

Thecomparisonsofthetheoreticalande~erimentslmaximumaccel-
erationsforemelasticbodydemonstratethatthetheorygivesa god
approximationoftheexperimentalresultsforbothtrimandflight-path
anglesatamassratioof0.60andfora trimof9°anda flight-path
angieof6°atamassratioof0.48. Fortheseconditions,thetheo-
reticalpointslie,general-ly~witmnthescatterofthee~er~nt~
points.Fora trimof3°anda flight-pathangleof14°,atamassratio
of0.48,theexperimentaldataliesomewhatbelowthetheoreticaldata.
Thlsdiscrepancycouldhavebeencausedbyhydrodynamicconditionsnot
takenintoaccountby thepresenttheorysuchasboworchineimmersion. .

.
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. Aswasindicatedinreference1,theccarparisonsbetweenelastic-
bcdyandrigid-bodyaccelerationsshowthattheelastic-bodyresults
canbe asmuchas ~ percentlowerthanthoseofa rigidbodyatthem ssmeinitialconditionsof impact.Forrangesofmassratioandperiod
ratiootherthanthosepresented,whicharewithinthepracticalrange,
thereductionof~um accelerationduetoelasticityofthebodycan
be greaterthanthe30-percentreductionobtainedhereinortheelastic-
bodyaccelerationcanactuaJlyexceedthatoftherigidbody.

CONCLUSIONS

ComparisonsofexperimentaldataobtainedinhydrodynamicImpacts
ofa multimodeelasticmodelconsistingofa rigidprismaticfloatand
a flexiblewingwiththetheoreticalandexperimental.resultsfora
single-modesystemhatingthessmemassratiohaveledto thefollowing
conclusions:

1.Thetheoreticalcenter-of-gravityaccelerationscomputedby the
methodsofNACAReport1074aregenerallyinegreementwiththeexperi-.
mental.resultswithintherangeof scatterofthedata.

2. Thehighermodespresentintheelasticsystemhadno significant.
effectonthecenter-of-gravityaccelerations.

3. Curvesofthetheoretical.oscillatoryaccelerationsofthehull
approximatedtheshapeofthecurvesoftheexperbntal.resultsbut
overestimatedtheirmagnitude,probablybecauseofdampinginthesystem.

LangleyAeronauticalLaboratory,
NationalAdvisoryCcmnitteeforAeronautics,

LangleyField,Vs.,October16,1957.
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TABLEI

M2DALCHARACTERISTICSOFl@DEL

Mn, u~ fn,
Mode slugs rsdians/sec Cps w(o)

Rigid 74.53 .----- ----- 1*OOO

1st 5.19 27.~ 4.38 -.259

2d 4.91 153.49 24.4 .200

.

i.
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TAKLEII

TESTDATAANDTHEOmll?ICALPEAKVALUESFOREfDRf)~CIMPACTOFAMULTIMODEENsTRl

WITHMASSRATIOOF0.4-8

m-tial Rigidbody Elasticbody
conditionsPeriod

Run ratio,TllI?oretscal!meOretlcalExperimentalWeight
tn

Vo>
distribution

70> ~ %,max~ %L,?MW %,IUW
f’t/eec deg g g g

(a)

T=~”

1 21.9714.420.60 0.91 0.82 0.64 D
2 22.7515.00 .63 1.00 .82 D

23.9715.26 1.20 .80 D
{ 26.5013.00 :% 1.11 .& D

27.9114.38 .76 1.46 1.25- .88 D
~ 31.5813.33 .80 1.65 1.12 D
7 31.9614.44 .88 1.94 1.19 D
8 32.2013.93 .84 1.85 1.56 l.ld. D
9 32.3314:79 .90 2.08 1.33 D
10 34.2515.01 .95 2.40 1.65 c
11 3$: ;;.;; ●95 2.29 1.52 c
12 .94 2.22 1.52 c
13 34:8414;63 .95 2.37 1.62 c
14 36.3614.441.00 2.52

37.5614.531.03
2.08 1.543 D

15 2.71 1.72 D
16 38.67lk.lo1.03 2.72 1.73 D
17 45.3113.801.17 3.61 2.95- 2.30 D

T=9°

18 24.738.37 0.31 0.53 0.39 D
19 34.095.02 .30 .51 .48 D

?

20 53.8~6.73 . 1.84 1.53 D
a 55.= 5.55 .1 1.51 1.34 1.20 D
22 65.496.07 2.37 2.03 2.22 D
23 66.985.52 .2; 2.23
24 75.385.75 .7’3

1.78 D
2.93 2.47 c

25 7.5.395.~ ●74 3.03 2.57 c
26 76.145.74 .74 2.99 2.52 c
~ 76.~ 5.74 .74 2.99 2.66 c

76.345.78 .75 3.06 2.56 2.54 D
29 76.375.47 .72 ;.;; 2.40 D
30 ;:.8&5.39 .71 2.31 D
31 5.38 .75 3116 2.55

851645.62
D

32 .81 3.P 3.07 2.% D

aD, distributed upper ~ss; .C, concentmkefi uPPer‘ss”

.
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(a)One-quarterfrontview.

(b)One-quarterreerview. L-57-2796

Figure1.-Viewsofmodelwithdistributedload.%~L = 0.48.



16 NACATN4194

(a)One-quarterfrontview. L-63948

(b)We-quarterrearview. L=63950

Figure2.-Viewsofmodelwithconcentratedload.%pL = 0.48.

.

.

.

“
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.

.

Appr.ox.4.5’lb/in.m

Approx.8 lb/in. Approx.1,570lb

17m-

1,622
lbv

(a)Distributedload.
.

Approx.1,s70lb Approx.3s0lb

1 J

z’77
1

i,622
lbv

---- -

.

“

(b]Concentratedload.

Figure3.- Schematicdiagramofmodel.
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